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Experimental allergic glomerulonephritis has been induced in several animal 
species by immunization with heterologous or homologous renal antigens. The 
importance of the source of antigen, heterologous, homologous, or autologous, 
in the stimulation of production of autoantibodies,  i.e., antibodies capable of 
reacting with the host's own kidney, has not been well defined. The only com- 
parative studies,  and  these are fragmentary, were done in sheep where both 
heterologous and  homologous  glomerular basement  membranes  (GBM)  uni- 
formly induced a severe glomerulonephritis (1, 2). Also, the capacities of differ- 
ent  renal  antigens  from  a  single  species  to  elicit  autoantibodies  which  are 
specific for different structures of the kidney are not known.  GBM only has 
been studied  in most species  (1-3)  except the rat  in  which tubular  antigens 
have been studied most extensively (4). The present report is concerned with 
the immunopathologic responses of rabbits  to various homologous renal anti- 
gens  and  to  autologous renal basement  membranes  and  these  are  compared 
with  the  immunopathologic responses  to  heterologous antigens  described in 
the previous study (5). It shows  that:  (a)  a variety of autoantibodies is pro- 
duced by immunization of rabbits with different homologous renal antigens, 
(3) some of the autoantibodies directed to GBM are associated with glomerulo- 
nephritis,  and can passively transfer a  nephritis to normal rabbits,  (c)  other 
antibodies fix to tubular basement membranes (TBM) where a previously un- 
reported lesion has been identified,  (d)  still  other autoantikidney antibodies 
have no in vivo organ localization and are not involved in a disease process, (e) 
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autologous basement membranes are less immunogenic than homologous base- 
ment membranes, and (f) Freund's adjuvant is not an absolute requirement for 
the production of autoantibodies. 
TABLE  I 
Antigens and Immunization Schedule 
Renal antigen 
ttomologous: 
1.  Homogenate 
in complete 
Freund's ad- 
juvant 
(CFA)* 
2.  Extract in  5 
CFA* 
3.  Sediment in  4 
saline 
4.  Sediment in  23 
CFA§ 
5.  Sediment (sin-  5 
gle rabbits) 
in CFA§ 
6.  GBM in CFA  8 
A utologous: 
1.  Sediment in  14 
CFA§ 
* Complete Freund's ad 
Route 
Foot-pads and 
subcutaneous 
Foot-pads and 
subcutaneous 
Intraperitoneal 
Foot-pads and 
subcutaneous 
Foot-pads and 
subcutaneous 
Foot-pads and 
subcutaneous 
Foot-pads and 
subcutaneous 
Schedule 
Five consecutive bi- 
weekly injections:~ 
Five consecutive bi- 
weekly injections:~ 
Three consecutive 
daily injections; 4 
days  rest  and  re- 
peat;  8  wk  rest 
and  repeat six in- 
jections 
Three weekly injec- 
tions  followed  by 
four-six  biweekly 
injections:~ 
Total dose 
mg 
90-100 
70 
First course:  220 
Second course:  180 
90 
90 
90 
45-75 
first injection, 6 mg per ml in the second and 4  mg per ml in the third. The remaining in- 
jections did not contain Mycobacterium. 
:~ Antigen administered in 1.0 ml volumes. 
§ Complete  Freund's  adjuvant  contained  1  mg  of  Mycobacterium tuberculosis H37Ra 
per ml. 
Materials and Methods 
Most materials and  methods have already been described in a  previous paper  (5).  Two 
additional  renal  antigens were  used  to  immunize  rabbits.  These  were:  (a)  whole kidney 
homogenate, which consisted of a suspension of unperfused kidneys homogenized in a Waring 
Blendor and which contained all soluble and insoluble renal antigens; and (b) extracts, which 
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consisted of the supernatant  of the whole kidney homogenate after centrifugation at 2500 g 
for 30 rain. 
The  following experiments  were  done:  seven  groups  of  rabbits  were  immunized  with 
homologous or  autologous  renal  antigens  (Table  I).  Homologous antigens  were prepared 
from a pool of 6-10 rabbit kidneys, except for group 5 in which each rabbit was immunized 
with the sediment prepared from a single rabbit. The autologous renal sediment was obtained 
from one kidney by nephrectomy. 
Urinary protein was determined every 2-7 days over a period of 140-200 days. The kidneys 
of protelnuric rabbits were biopsied at appropriate times, depending on the progress of the 
disease.  The kidneys of nonproteinuric rabbits were biopsied 40-95 days after immunization. 
At the end of the observation period, kidneys were removed for morphologic study. Kidneys 
obtalued at biopsy or at death were processed for fluorescent antibody, histologic, and ultra- 
structural  studies.  Some of the severely protelnuric rabbits were  repeatedly bled or exsan- 
guinated  in  order  to  obtain  gamma globulin  (GG)  for immunologic and  passive  transfer 
studies. 
Innnunologic studies were made on selected rabbits using the methods previously reported 
(5). Several experiments were done to study  the kidney-fixing antibodies (KFAb)  (i.e., those 
antibodies capable of fixing in vivo to kidneys). GG or whole globulin from selected immunized 
rabbits was first tested for the presence of KFAb using trace amounts of  mI-labeled globulin 
(200-400/~g)  (5). In the first experiment, most of the globulins which contained KFAb were 
injected in large amounts into normal,  unilaterally nephrectomized rabbits  in an effort to 
(a) determine their site of fixation in the kidney by immunohistochemistry, and (b) passively 
induce nephritis. The amounts of globulin injected ranged from 175-916  mg which contained, 
on the basis of the trace studies, 30-1848 ~g of potentially KFAb. In five preparations (1-57, 
9-86, 10-72, 4-95, and 5-04) the globulin injected in the passive transfer was also labeled with mI 
and the rabbits' kidneys at sacrifice were counted to determine the actual fixation of KFAb. 
Urinary protein was determined 24 and 72 hr after injection, at which time all rabbits were 
sacrificed.  On selected rabbits, renal biopsies were done 2~ and 24 hr after injection. Kidneys 
were processed for fluorescent antibody, histologic, and ultrastructural  studies. 
In this experiment, the nephrotoxic effect of the rabbit  antibody was compared  to the 
nephrotoxic effect of sheep anti-rabbit kidney GG. Sheep anti-rabbit kidney GG obtained as 
reported before (6), was labeled with mI and injected in varying amounts into normal and 
unilaterally nephrectomized rabbits. Proteinurla was determined 24 and 72 hr after injection. 
At sacrifice,  72 hr after injection, the kidneys were obtained and fractionated in sediment and 
superuatant  which were counted for radioactivity.  Histologic studies were done on biopsies 
taken 24 hr after injection and on autopsy specimens. This experiment gave information on 
the minimal amount of sheep anti-rabbit KFAb necessary for immediate proteinuria in the 
rabbit and on the histopathology of the nephritis. 
The second experiment was done to determine whether  the rabbit  KFAb would  fix to 
autologous kidney.  200/~g  of  mI-labeled  GG from nephritic  rabbit  10-72  was  tested  for 
KFAb in the animal from which it was derived and in three normal rabbits.  2 days after 
injection, kidneys from rabbit  10-72  were obtained by nephrectomy and from the normal 
rabbits at sacrifice and assayed for radioactivity. 
The third  experiment investigated the half disappearance  time from the kidney of the 
KFAb of nephritic rabbit  10-72  and for comparison of sheep anti-rabbit kidney GG. The 
experiment was done as follows: Each of two normal rabbits were injected with 200 ~g of GG 
contai,lng 5 p,c of mI; one kidney was obtained by unilateral nephrectomy 1 day later and 
the rems  lnlng kidney at sacrifice 3 days thereafter. Both were then fractionated into sediment 
and supernatant  and their radioactivity assayed.  Also included were counts of blood radio- 
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fused kidneys of rabbits injected with labeled normal rabbit GG. The half-disappearance time 
was determined by the loss of radioactivity from the sediment in the 3 day interval. 
Sera and euglobulin fraction from five rabbits  immunized to GBM (group 6) and 3 im- 
munized to kidney sediment (group 4) were studied in the analytical ultracentrifuge. Analytical 
centrifugation was carried out in a Beckman Model E operated at 59,780 rpm. Sedimentation 
coefficients were not calculated.  Euglobulin  which had material  sedlmenting  between  the 
normal  macroglobulin and light  sedimenfing peaks  were ultracentrifuged  after  treatment 
with glycine HCI buffer at 3.5 pH for 16 hr, and after addition of unaggregated normal rabbit 
GG (20 mg of rabbit GG to 10 mg of euglobulin). 
TABLE II 
Resulls of Imrnuniza2ion with Homologous and Autologous Renal Antigens 
Renal antigen 
H omologoaw: 
1. Homogenate in complete Freund's ad- 
juvant (CFA) 
2. Extract in CFA 
3.  Sediment in saline 
4.  Sediment in CFA 
5.  Sediment (single rabbit)  in CFA 
6.  GBM in CFA 
Autotogous: 
1,  Sediment in CFA 
Proteinuria/ 
Igo. rabbits 
4/8 
0/s 
2/4 
4/28 
2/5 
4/8 
0/14 
KFAb 
l~positive/ 
o. tested) 
s/s 
2/2 
3/7 
2/6 
Fluorescent antibody* 
(positive/No. tested) 
GBM  TBM 
4/8  6/8 
2~/4  1/4 
2/4  0/4 
9/20  2/20 
2/4  0/4 
5/7  o/7 
7Ull  0/11 
* Refers only to fixation of GG. 
Weak reactions. 
]~SU%TS 
Clinical Studies 
A summary of the immunopathologic results is given in Table II. Table III 
provides data on the rabbits that developed glomerulonephritis.  17-50 % of the 
rabbits  immunized  to  those  homologous  kidney  fractions  rich  in  basement 
membranes (whole kidney homogenate, sediment,  and GBM) became protein- 
uric. Most of the rabbits which were not sacrificed early but followed for long 
periods  had  self-lhnlted  proteinurla  lasting  from  12-78  days.  Continuous 
immunlz~tlons  were ineffective in producing a  relapse in these rabbits.  There 
was  no  correlation  between  the  duration  and  the  degree  of protelnuria  nor 
between  the  time  of appearance  and  the  degree of proteinurla.  The  time  of 
appearance  of proteinuria  varied greatly,  from 8-105 days after  the first im- 
munlzatlon. 
Immunization with homologous renal extracts  and autologous kidney sedi- 
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Immunohistochemical and Pathologic Studies 
Approximately half of the rabbits immunized with homologous renal antigens 
and autologous sediment had fixation of GG to the glomerular capillary walls 
(Table II).  The pattern  of fixation was uniform and linear,  identical to the 
pattern  seen  in  the  rabbits  immunized  to  heterologous  renal  antigens  (5). 
Among the 47 rabbits immunized to homologous antigens,  and examined by 
the fluorescent antibody method, 24 had glomerular fixed GG and of these, 15 
had glomerulonephritis.  The nephritic rabbits also had strong fixation of ~c- 
globulin to the glomerular capillary wails (Fig. 1). The nine rabbits which were 
not  nephritic  had  less  fixation of GG,  and  /3xc-globulin was absent.  In five 
nephritic rabbits not sacrificed  early, the fluorescent antibody findings fluctu- 
ated in accordance with the disease process. There was strong glomerulax fixa- 
tion of GG and/~lo-globulin  in biopsies taken at the time of proteinuria to little 
or no fixation in biopsies taken during period of remission  (time of biopsy varied 
from 1 to 12 wk after proteinuria subsided). 
9  of 40 rabbits  from the groups immunized  to homologous whole kidney 
homogenate, extract and sediment and examined by the fluorescent antibody 
method, had fixation of GG to TBM. In most of the rabbits this fixation was 
strong but focal and mainly in the periglomerular tubules (Fig. 2). It should 
be noted that four of these nine rabbits also had occasional  fixation of GG to 
areas of the tubular cell cytoplasm but only in the tubules which had fixation 
of GG to the TBM (Fig.  3). Four of the rabbits with fixation of GG to the 
TBM,  85-63,  85-66,  85-65 and  85-67,  had  glomerulonephritis.  The last  two 
rabbits had a self-limited disease in which the glomerular fixed GG disappeared 
during remission.  However, the fixation of GG to the TBM increased (in in- 
tensity and in number of tubules involved) during remission rather than paral- 
leling the glomerular findings. 
Seven of 11 rabbits immunized with autologous sediment had a slight fixation 
of GG to the glomerular capillaries  and in only two of them was there concomi- 
tant fixation of/31e-globulin. None showed fixation of GG to TBM. 
IIistopathologically, the proteinuric rabbits had a mild to severe membranous 
glomerulonephritis  with a variable degree of endothelial proliferation  (Table 
III). Only one (1-57, Table III), showed a marked proliferation. Ultrastructural 
studies were made of the glomemli of seven nephritic rabbits  (85-63,  85-67, 
94-55, 1-57, 10-72, 10-65, and 5-04). The lesions were mild in three of them and 
extensive and severe in four. The ultrastructural lesions were varied: there was 
moderate swelling  of the endothelial cell cytoplasm with loss of fenestrae in 
many  areas;  the  epithelial  foot  processes  were  flattened;  the  GBM  was 
thickened and irregular and showed focal areas of fragmentation and splitting 
of the lamina densa (Fig. 4); electron-opaque material was noted occasionally 
in  a  subendothellal position.  In three rabbits  with severe proteinuria  (5-04, 
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irregular material of variable electron opacity on the subepithelial side of the 
lamina densa. The morphology of this material varied: it resembled, on occa- 
sions,  GBM  which  seemed  to  protrude  or  bulge  slightly  towards  the  epi- 
thelium; on other occasions it was of low density and appeared adherent to a 
thin layer of lamina densa (Fig. 4, inset). 
By light microscopy, those rabbits exhibiting fixation of GG to TBM without 
glomerular disease did not show alterations of the tubules. One of the rabbits 
immunized with homologous kidney sediment in Freund's adjuvant which had 
fixation of GG exclusively in TBM was examined ultrastructurally  78 days 
after immunization.  The TBM had focal alterations  consisting  of thickening 
and splitting with  the presence of large,  irregular masses of electron-opaque 
material situated between the basement membrane and the infoldings  of the 
tubular cell surface (Figs. 5 and 6). Similar  tubular lesions were seen in rabbit 
85-67 (Table III) when examined 8 wk after the subsidance of proteinuria at a 
time when glomerular fixed GG was weak but TBM-fixed GG was strong.  A 
rabbit from the group immunized to kidney sediment in Freund's adjuvant but 
with negative fluorescent findings was also examined ultrastructurally and had 
no pathology. 
Rabbits not exhibiting proteinuria did not have significant  pathological find- 
ings in their glomeruli  by light or electron microscopy. 
Immunologic Studies 
KFAb was studied only in 20 selected rabbits (Table IV). 8 of 12 rabbits de- 
veloping glomerulonephritis  and four of eight not developing disease showed 
circulating  KFAb. It became evident that  the different KFAbs varied with 
regard to their specificity for the kidney (Table IV). The antibodies predomi- 
nent in rabbits 85-63, 9-86, 10-72, and 1-07 (Table IV) fixed to antigens ill the 
giomerular capillary wall and when injected in large amounts into normal rab- 
bits, they induced glomerular changes  and were detected in the glomeruli  by 
fluorescent antibody methods. Those most evident in rabbits 85-66, 85-68, and 
5-04 (Table IV) fixed to nonglomerular sites in the kidney. When injected into 
normal rabbits in amounts which should have become evident in glomeruli  by 
the fluorescent antibody method (control studies with sheep anti-rabbit kidney 
GG showed that 15 #g or more of glomerular fixing antibody per kidney could 
be localized by the fluorescent antibody method) they were not detectable and 
did not induce glomerular changes on passive transfer. Their sites of localization 
within the kidney were not determined. These various types of KFAb were ap- 
parently mixed in most sera. For example, globulin from rabbit 9-86 (Table IV) 
despite containing a rather large amount of KFAb had little localization in the 
glomerull  by fluorescent antibody method and passively it induced only mild 
glomenflar changes. If all the KFAb had localized exclusively to the glomerular 
capillary walls,  the staining  by fluorescent antibody should have been very EMIL  R. UNANUE,  FRANK J.  DIXON, JOSEPH  D.  I~ELDMAN  169 
TABLE HI 
D~cription of Gtomerulonephrigs in Rabbits 
Rabbit  Immunization  No. 
85-63  Homogenate in 
complete 
Freund's ad- 
juvant (CFA) 
85-66  Homogenate in 
CFA 
85-65  Homogenate in 
CFA 
85-67  Homogenate in 
CFA 
94-55  Sediment in 
saline 
1-57  Sediment in 
saline 
1-07  Sediment in 
CFA 
10-72  Sediment in 
CFA 
9-86  Sediment in 
CFA 
10-55  Sediment in 
CFA 
18-20  Sediment (sin- 
gle rabbit) 
in CFA 
18-12  Sediment (sin- 
gle  rabbit) 
in CFA 
5-04  GBM in CFA 
1-09  GBM in CFA 
1-11  GBMin CFA 
4-96  GBM in CFA 
Proteinuria 
Started: 
day sf- 
terlst  Lasted: Hfi~et 
immuni- 
zation 
days  rag/24/~ 
75  6*  9880 
31  20*  2875 
31  20  101 
31  20  688 
105  12"  612 
21  12  959 
14  21"  355 
50  123"  1105 
50  6"  420 
14  6*  3200 
8  22*  70 
8  49  40 
75  19"  3060 
103  49  2100 
96  70  690 
75  78  63 
Glomerular-  KFAb 
fixed GO 
++++  + 
++++  + 
+ §  Not done 
+  §  Not done 
+  + 
++§  +U 
+  + 
++  + 
+  + 
++ 
++ 
+  +  Not done 
++  + 
+§ 
+§ 
Not done  Not done 
Glomemlar 
pathology 
Severe;~ mem- 
branous 
Severe;  Mem- 
branous 
Focal;  Mem- 
branous 
Focal;~  Mem- 
branous 
Mild;~  Mem- 
branous 
Proliferative~ 
Membranous 
Membranous~ 
Membranous 
Membranons~ 
Membranous 
Membranous 
Severe;~ Me- 
branons 
Membranous 
Membranous 
Membranous 
* Present until sacrifice. 
Ultrastructural studies were performed at time of proteinuria. 
§ Fluorescent antibody findings which were positive during period of proteinuria changed 
to weak or negative reactions during period of r~mi~ion. 
[] KFAb was only positive on sample taken during period of proteinuria. Samples taken a 
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strong and the transferred nephritis should have been severe (as control studies 
with heterologous sheep anti-rabbit kidney GG showed). Rabbit 85-68  (Table 
IV), may have also had mixed KFAbs. Its globulin, when labeled with mI, did 
not fix in vivo to glomeruli. However, there was in vitro fixation to sonicated 
GBM but only when large amounts of antigen were used in the test system. 
These findings suggest that either the antibody was reacting with a minor anti- 
genic component of GBM or with contaminants present in the preparation. 
Each KFAb had a 30-35 % difference in the amount of in vivo fixation among 
recipient rabbits. This variation was not seen in rabbits injected with heterolo- 
TABLE  IV 
KFAb in Rabbits Immunized to Homologous Kidney 
Rabbit 
No. 
85-63 
85-66 
85-64 
85-68 
85-61 
1-57 
94-55 
9-86 
10-72 
1-07 
4-95 
5-04 
Immunization 
Homogenate in com- 
plete Freund's ad- 
juvant (CFA) 
Homogenate in CFA 
Homogenate in CFA 
I Homogenate in CFA 
Homogenate in CFA 
Sediment in saline 
Sediment  in saline 
Sediment in CFA 
Sediment  in CFA 
Sediment in CFA 
GBM in CFA 
GBM in CFA 
Pro- 
tein- 
uria 
Fixation of 
GG in host 
GBM 
Yes  +++ 
Yes  q- 
No  - 
No  -- 
No  -- 
Yes  +q-q- 
Yes  -l- 
Yes  -]- 
Yes  -k 
Yes 
No  -- 
Yes  -k 
TBM 
+ 
++ 
++ 
Day 
tested 
for 
KFAb 
80 
Per 
cent 
of 
KFAb 
0.25 
Passive transfer to normal rabbits 
Localization 
in kidney 
Glomerular 
Nonglomerular 
~g KFAb 
injected  Neph- 
or fixed  riffs 
738  -[- 
228 
Not Done 
36 
120 
30 
Not Done 
1848 
160 
484 
40 
175 
51 
143 
143 
143 
21 
105 
50 
50-75 
23--27 
125 
18-75 
0.13 
0.08 
0.02 
0.01 
0.01 
0.28 
0.14 
0.02 
0.07 
0.01 
0.09 
Nonglomerular 
Nonglomerular 
Glomerular 
Glomerular 
Glomerular 
Glomerular 
Nonglomerular 
Nonglomerular 
+ 
+-k+ 
+ 
gous anti-kidney GG which had, at the most, 5-10 % differences and may imply 
certain antigenic heterogeneity among individual rabbit kidneys. 
The KFAb of rabbit 10-72 (Table IV), which reacted with glomeruli, fixed to 
autologous kidney to a similar extent as it did to homologous kidney. The half- 
disappearance time from the kidney of KFAb from rabbit  10-72 ranged from 
2 to 4 days, as compared to 8.5 days for sheep anti-rabbit kidney GG. This ex- 
periment suggested that the circulating KFAb might represent  antibodies of 
low affinity. 
Other antirenal antibodies  were found in some of  the  immunized rabbits.  6 
of 12 rabbits immunized with homologous kidney sediment in adjuvant (group 
4, Table II) and examined 190 days after the first immunization, had precipi- 
tating antibodies in gel to an antigen found in pooled kidney sediment. Only 
one of these six rabbits had glomerulonephritis (9-86, Table III). Of the other 
five without disease, one showed at autopsy weak fixation to GBM, another 
one to "IBM, and three had no renal fixation of immune reactants. The anti- EMIL  R.  UNANITE,  ~'RANK  J.  DIXON,  JOSEPH  D.  ~ELDMAN  171 
body did not precipitate with glomerular extracts, did not fix in vitro to GBM 
and when injected into normal rabbits showed no in vivo kidney fixation. None 
of the rabbits immunized to GBM or autologous sediment had precipitating 
antibody. 
Antibodies were detected in the sera of some rabbits by the indirect fluo- 
rescent antibody  method. Allthree rabbits that were tested from the group immu- 
TABLE V 
Nephritogenic, Properties of Homologous and Heterologous KFAb in Passive Transfer 
Antibody 
He2erologous: 
Sheep anti-rab- 
bit kidney GG: 
eL 
~t 
Cg 
L¢ 
L¢ 
L~ 
Homologous: 
Rabbit 10-72 
Rabbit 1-07 
Rabbit 9-86 
Rabbit 85-63 
Amounts 
of 
globulin 
rejected 
rag 
28 
85 
141 
28 
85 
141 
197 
916 
600 
660 
300 
14.9 
59.4 
20.0 
82.6 
73.4 
78.0 
96.7 
55.0 
6O 
84 
Treatment of recipient rabbit 
Unilaterally nephrectomized 
Unilaterally nephreetomized 
Unilaterally nephrectomized 
Unilaterally nephrectomized 
Untreated 
Untreated 
Untreated 
Untreated 
Unilaterally nephrectomized 
Unilaterally nephreetomized 
Unilaterally nephrectomized 
Unilaterally nephrectomized 
Recipient, proteinuri 
(n~/24 hr) 
DI  D3 
Neg.  Neg. 
Neg.  Neg. 
1720  66 
Trace  4000 
Neg.  1.5 
Neg.  Trace 
1000  138 
5200  112 
1500  35 
120  24 
73  Neg. 
28  Neg. 
Figures of KFAb in rabbits injected with sheep a~ti-rabbit kidney GG include antibody 
fixed only to the sediment of kidney. The figures of KFAb in  the kidneys from rabbits in- 
jected with homologous  KFAb represent the antibody fixed to unfractionated kidneys. All 
figures, except rabbits 1-07 and 85-63, represent actual fixation of KFAb in the kidneys of 
the recipient rabbit. The figures of KFAb from these two rabbits were derived from deter- 
minations made with trace amounts. 
nized to homologous whole kidney homogenate in adjuvant showed antibodies 
which  localized  to  cytoplasm of renal  tubular  cells  (Fig.  3).  Of these  three 
rabbits, two had no disease, and one had glomerulonephritis (85-63, Table III). 
2 of 10 sera from rabbits immunized with homologous kidney sediment in adju- 
vant  (group 4)  but none of two rabbits' sera immunized to  GBM contained 
this type of anticytoplasmic antibody. 
Other Studies 
No systematic study was made for anti-GG factors or for immunoconglutinin 
in the sera of the immunized rabbits. However, all of five tested 125 days after 172  GLOMERULONEPHRITIS  AND  HOMOLOGOUS  RENAL  ANTIGENS 
immunization with GBM, showed anti-GG factors in their serum and of these, 
two had nephritis  (1-09 and 1-11, Table III). In addition, one, which did not 
have nephritis, had immunoconglutinin.  Ultracentrifuge studies on the sera and 
euglobulin fraction of these five rabbits showed in three of them, the presence 
of material  sedimenting  intermediately  between  7S  and  19S. This  material 
probably represent GG-anti-GG complexes,  for it was partially dissociated by 
prior treatment  with buffer at pH 3.5 and it increased in mount by adding 
unaggregated rabbit GG prior to centrifugation. One of three rabbits immunized 
with kidney sediment  (10-72,  Table III),  also had  anti-GG factors  and  its 
serum showed in the ultracentrifuge material sedimenting faster than the macro- 
globulin peak. 
Passive Transfer of Nephritis to Normal Rabbits 
Some information has already been given in the description of KFAb. Here 
we will only refer to the rabbit sera which induced a nephritis in normal rabbits. 
With four different rabbit sera containing glomerular KFAb, a mild prolifera- 
tive glomerulitis  was induced in normal,  lmilaterally nephrectomized rabbits 
with  the doses stated  in  Table V.  These rabbits  injected  with  homologous 
globulin showed linear fixation of rabbit GG and flxc-globnlin in their glomeru- 
lar  capillary walls by fluorescent antibody method. Three of the rabbit sera 
were much less nephritogenic  per unit of KFAb than  the sheep anti-rabbit 
kidney GG. Only the KFAb from rabbit  10-72 had a  nephritogenic potency 
comparable to sheep anti-rabblt kidney GG (Table V). The effect of sheep anti- 
rabbit kidney GG in untreated and unilateral nephrectomized rabbits is shown 
for comparison.  In this experiment it should be noted that (a) when unilaterally 
nephrectomized and intact rabbits were injected with equal mounts of sheep 
anti-rabbit kidney GG, there was 25-40 % more KFAb fixed to the kidney of 
the nephrectomized rabbit than to a single kidney of the intact rabbit, and (b) 
at  equal doses of sheep anti-rabbit  kidney GG,  unilaterally nephrectomized 
rabblers were more susceptible to renal injury. In all but one rabbit there was a 
marked decline in the levels of proteinuria by the 3rd day after injection of 
either sheep or rabbit KFAb. 
Ultrastructural studies were done on three of the transfer recipients (one was 
biopsied 2~/~ hr after injection and the remaining  24 hr after injection). The 
glomerular lesions were mild and characterized by endothelial swelling, flatten- 
ing of the podocytes, and by the presence of discrete loci of electron-opaque 
material  in the subendothelial space (Fig. 7).  Injection of normal rabbit GG 
into normal rabbits did not induce lesions by light or electron microscopy. 
DISCUSSION 
Rabbits immunized to different homologous renal antigens produced several 
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kind d  antibody fixed to GBM and induced glomerulonephritis;  a second fixed 
to TBM where a heretofore unrecognized ultrastructural lesion was identified; 
other antibodies  were demonstrated in the circulation but these were unasso- 
ciated with any pathologic process. 
A majority of the rabbits responded to homologous antigens containing base- 
ment membrane but the production of autoantibodies to GBM was poor and 
inconstant.  Some  rabbits  apparently synthesized amounts  of  antibody in- 
sufficient to fix host complement  and/or induce nephritis.  Other rabbits pro- 
duced enough antibodies to induce nephritis but only for a short period. Thus, 
in most nephritic rabbits, proteinuria was transitory. Also glomerular fixed GG 
disappeared coinciding with the clinical remission and circulating  antibodies, 
if detectable during proteinuria, disappeared at the time of remission. The inci- 
deuce of glomerulonephritis  in rabbits immunized to  homologous basement 
membranes was similar to that seen in rabbits immunized to heterologous mam- 
malian basement membranes  (5). 
Proof  that  the  autoanti-GBM antibodies  were  present  and  involved  in 
nephritis  was  obtained from the  passive  transfer experiments~ The  precise 
amount of antiglomerular antibody involved in these transfers could not be de- 
termined since the total KFAb which could be measured consisted of antibodies, 
some of which fixed in glomeruli and others in nonglomerular renal connective 
tissue.  However,  in one transfer, it was apparent that molecule for molecule, 
the homologous  antibodies  were  as  nephritogenic  as  the heterologous  sheep 
anti-rabbit kidney GG. The fact that the passively induced renal changes were 
transitory was  to be  expected  since  single insults by anti-GBM antibodies 
usually have a transitory effect as has been shown in nephrotoxic  serum ne- 
phritis when there is no autologous phase response (7). 
Iramuni~ation with autologous basement membranes did not induce glomeru- 
lonephritis. Only half of the immunized rabbits had small amounts of glomeru- 
lar fixed GG and little fixation of autologous complement,  apparently insuffi- 
cient to induce injury. The poor immunogeuicity of the autologous  material 
might be explained on the basis of its complete antigenic identity with the host 
and suggests that a considerable degree of antigenic difference might be needed 
to trigger a substantial autolmmune response in the rabbit. 
Rabbits immunized to whole kidney homogenate,  extract or sediment,  but 
not to GBM, exhibited strong focal localization of GG to the TBM where an 
ultrastructural lesion was demonstrated. The focal ultrastructural lesion ap- 
peared to correspond with the deposits  of immune globulin seen by the fluo- 
rescent antibody method. This type of lesion has not been reported before in 
experimentaI renal tubular disease and in our series was not observed in rabbits 
which did not exhibit tubular localization of GG. However,  a similar tubular 
lesion has been reported in young human patients with chronic membranous 
glomemlonephritis  (8). It is most likely that the lesion is the result of the inter- 174  GLOMERULONEPHRITIS  AND  HOMOLOGOUS KENAL  ANTIGENS 
action of host autoantibodies with specific antigenic determinants of TBM. The 
TBM is known to contain specific antigenic determinants as well as determi- 
nants common with those of GBM (9). In view of the lack of significant glo- 
merular disease associated with this tubular lesion, it seems unlikely that it is 
secondary to glomerular injury or that it is the result of deposition of nonspe- 
cific complexes which presumably also would have involved the glomeruli. 
Some rabbits  developed circulating antikidney  antibodies  which  were un- 
associated with any disease process.  The lack of pathogenicity of these anti- 
bodies is probably due, not to isospecificity, but to the fact that they did not 
fix to kidney in vivo. These antibodies were probably directed to intracellular 
antigens not readily available or exposed to circulating blood and are unlikely 
to be involved in the production of a disease. It is interesting to note that some 
rabbits exhibited localization of GG to the tubular cell cytoplasm but only when 
there was  also localization of GG to the TBM.  Presumably,  the circulating 
anticytoplasmic antibodies could localize provided that anatomic barriers, base- 
ment membrane, cell membrane, etc., are first abrogated, as probably occurred 
in this case because of injury to the TBM. 
CONCLUSION 
Rabbits immunized to several homologous renal antigens developed a variety 
of autoantikidney antibodies. Some of these antibodies reacted with the host's 
glomeruli and  appeared to cause glomerulonephritis. Passive transfer of sera 
from some of these nephritic rabbits into normal, unilaterally nephrectomized 
rabbits  led to the induction of nephritis. The production of autoantibody to 
glomeruli was transitory in most instances in spite of continued immunization. 
In some rabbits immunized to whole kidney homogenate, extracts or sediment, 
antibodies were found fixed to renal tubular basement membranes where an 
ultrastructural  lesion  was  demonstrated.  Rabbits  also  produced  antikidney 
antibody apparently to tubular cytoplasmic components which did not fix to 
kidney in vivo and were of no pathogenetic significance. 
Immunization with autologous renal basement membranes induced a small 
autoantibody response in half the rabbits.  This response was  not associated 
with detectable renal injury. 
We are grateful to Miss Patricia McConahey for assistance in the isotopic labeling and to 
Miss Antoinette Tishon for valuable technical help. 
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EXPLANATION OF PLATES 
PLATE 15 
FIG. 1.  Fluorescence micrograph of a glomerulus from rabbit  10-72 made nephritic 
by  immunization  with  rabbit  kidney  sediment.  Section  is stained with fluorescent 
antisera to rabbit fllc-globul~. Both GG and fllc are distributed in  a  linear  pattern 
along the capillary loops.  X  450. 
FIG.  2.  Fluorescence  micrographs  of kidney from a  rabbit  immunized  to  whole 
kidney homogenate. Section is stained with fluorescent anti-rabbit GG. Section at the 
left shows in the center of the field a glomerulus (GL) devoid of GG. The surrounding 
tubules show patchy concentrations of GG along their basement membranes (arrows). 
To the right is a longitudinal section through a tubule showing the heavy concentration 
of GG along the basement membranes.  ×  400. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  125  PLATE  15 
(Unanue et al.: Glomerulonephritis and homologous renal antigens) PLATE 16 
FIG. 3.  To the left (top and bottom) are fluorescence micrographs of renal tubules 
from  rabbit  immunized  to  whole  kidney  homogenate.  Sections  are  stained  with 
fluorescent antisera to rabbit GG. Note the fixation of GG to the TBM  and also to 
the cytoplasm of the cell. To the right is a  fluorescence mlcrograph of normal renal 
tubules stained by the indirect method.  Section was flooded with sera of rabbit im- 
munized to whole kidney homogenate and then stained with fluorescent anti-rabbit 
GG. Irregular patchy areas of positivity are noted in the cytoplasm (arrows).  ×  400. 
FIG. 4.  Electron micrograph of a glomerular capillary loop from rabbit 85-53 made 
nephritic by immunization with whole kidney homogenate. The basement membrane 
is irregular and thickened; at the top (*)  the lamina densa is fragmented and split. 
Epithelial foot processes are flattened. Arrow points to a small electron-opaque deposit 
on the epithelial side.  ×  21750.  Inset shows a capillary loop from rabbit  10-72 made 
nephritic by immunization with rabbit kidney sediment. The basement membrane is 
thickened and  split to  the  left; a  material of low electron opacity is noted  to  the 
right (*)  adherent to a  thin layer of lamina densa.  X  22,000.  Basement membrane 
(BM) ; endothelial cell (En)  ; epithelial cell (Ep) ; and lumen (L). THE JOURNAL  OF EX_PEI~ENTAL  MEDICINE  VOL.  125  PLATE  16 
(Unanue et ah: Glomerulonephritis and homologous renal antigens) PLATE 17 
FIG.  5.  Electron  micrograph  of  renal  tubule  from  rabbit immunized to  rabbit 
kidney sediment in Freund's adjuvant. The endothelium of the capillary is thickened 
and has losts its normal fenestrations. Many collagen fibers (Coll) are present between 
vascular (VBM) and epithelial (EBM) basement membranes. The epithelial basement 
membrane is thickened and irregular; on the side underlying the cell there is abundant 
material (*) of similar density as the basement membrane. These lesions are all focal 
in nature. Inset shows  a  portion of normal tubular basement membrane. Note the 
fenestrae of  the  endothelium and  the  homogeneity of  both basement membranes. 
Tubular cell  (Cell); collagen fibers  (Coil); epithelial basement membrane (EBM); 
vascular basement membrane (VBM); and lumen (L).  X  10,800. 
FIG. 6.  Electron micrograph of the base of the renal tubules of a rabbit immunized 
to rabbit kidney sediment in Freund's adjuvant. This is a similar lesion as that shown 
in Fig. 5. Dense deposits (*) probably products of basement membrane are deposited 
between the cell membrane and the epithelial basement membrane (EBM). Tubular 
cell (Cell) ; collagen fibers (Coll)  ; and epithelial basement membrane (EBM).  X  10,800. THE  IOURNAL OF EXPERIMENTAL  MEDICINE VOL. 125  PLATE 17 
(Unanue  et al.: Glomerulonephritis  and homologous renal antigens) PLATE 18 
FIO. 7. Electron  micrographs.  At the top is  a normal capillary  loop from a rabbit 
injected  with  normal  rabbit  GG. At the  bottom is  a capillary  loop  from  a rabbit  made 
proteinuric  by injection  with GG from a nephritic  rabbit.  Sample  was obtained  24  hr 
after  injection.  The main alterations  are: (a) focal  thickening  of the endothelium; 
(b)  focal areas  (*)  in which the endothelium is  separated  from the basement mem- 
brane leaving a  space which contains irregular dense material; and  (c)  flattening of 
epithelial foot processes.  Basement membrane (BM); endothelial cell  (En); epithelial 
cell (Ep) and lumen  (L).  X 34,200. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 125  PLATE  18 
(Unanue et al.: Glomerulonephritis and homologous renal antigens) 